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(57) Abstract: 

PROBLEM TO BE SOLVED: To enhance durability of a 
hydrogen permeable membrane by suppressing the generation 
of diffusion between metal layers having hydrogen 
permeability without reducing the performance of the whole of 
the hydrogen permeable membrane. 
SOLUTION: The hydrogen permeable membrane 10 is 
provided with a metal covering layer 12 formed by palladium- 
containing metal; and a metal base layer 14 containing at least 
one kind of metal of vanadium, niobium and tantalum. In the 
metal base layer 14, a large particle diameter layer 16 is 
formed at an area near a contact surface with the metal 
covering layer 12 and a small particle diameter layer 18 is 
formed at an area spaced from the contact surface. A metal 
crystal particle diameter of the large particle diameter layer 16 
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is formed larger than that of the small particle diameter layer 
18. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the hydrogen permeable film which 

penetrates hydrogen selectively. 

[0002] 

[Description of the Prior Art] 

In order to extract hydrogen from hydrogen containing gas, 
the hydrogen permeable film provided with the layer 
containing hydrogen permeability metal, such as palladium 
(Pd), has been used conventionally. In the patent documents 
1, the hydrogen permeable film of five layer systems which 
provided the hydrogen permeability covering metal layer 
containing Pd etc. in both sides of the hydrogen 
permeability base metallic layer which comprises vanadium 
(V) etc. via the hydrogen permeability interlayer is 
indicated. In the hydrogen permeable film indicated by the 
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patent documents 1, hydrogen permeability is prevented 
from a covering metal being spread in a base metallic layer, 
and falling by providing a hydrogen permeability interlayer. 
[0003] 

[Patent documents 1] 

JP,7-185277,A 

[0004] 

[Problem(s) to be Solved by the Invention] 
However, the above-mentioned hydrogen permeability 
interlayer was formed with the inorganic oxide or the 
inorganic nitride, and since hydrogen permeability and 
hydrogen selectivity were low compared with a covering 
metal or a base metal, he may have become insufficient [ the 
performance of the whole hydrogen permeable film ]. Since 
the difference of the coefficient of thermal expansion of the 
material which constitutes a hydrogen permeability 
interlayer, and a covering metal and a base metal was large, 
at the time of the deactivation of a device provided with a 
hydrogen permeable film, etc., the structural damage 
resulting from the difference of a coefficient of thermal 
expansion arose, and endurance may have been spoiled. 
[0005] 

This invention is made in order to solve the conventional 
technical problem mentioned above, and it stops that 
diffusion arises between the metal layers which have 
hydrogen permeability, without being accompanied by the 
degradation of the whole hydrogen permeable film, and an 
object of this invention is to raise the endurance of a 
hydrogen permeable film. 
[0006] 

[The means for solving a technical problem, and its 
operation and effect] 

To achieve the above objects, this invention is a hydrogen 
permeable film which makes hydrogen penetrate selectively, 
The metallic base layer containing at least a kind of metal of 
vanadium (V), niobium (Nb), and tantalum (Ta), 
Metal coating layers which are contacted and formed on at 
least one field of said metallic base layer, and contain 
palladium (Pd) 
Preparation, 

Let it be a gist to form the particle diameter of a metallic 
crystal greatly compared with other fields except this 
surface field in at least one layer of said metallic base layer 
and said metal coating layers in the surface field near [ in 
contact with the layer of another side ] the contact surface. 
[0007] 

According to the hydrogen permeable film of this invention 
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constituted as mentioned above, in at least one layer of a 
metallic base layer and metal coating layers, in the surface 
field near [ in contact with the layer of another side ] the 
contact surface. Since the particle diameter of the metallic 
crystal is greatly formed compared with other fields except 
this surface field, the metal diffusion between a metallic 
base layer and metal coating layers can be suppressed. 
Therefore, the degradation of the hydrogen permeable film 
resulting from metal diffusion advancing can be prevented. 
According to this invention, the metallic crystal particle 
diameter in a metal layer is changed, metal diffusion is 
suppressed, and since it is not necessary to provide the layer 
which comprises a dissimilar material, neither the fall of 
hydrogen permeation performance nor a durable fall is 
caused. 
[0008] 

In a hydrogen permeable film of this invention, 
In a surface field near [ which contacts a layer of another 
side on both sides of said metallic base layer which touches 
mutually, and said metal coating layers ] the contact surface, 
it is good also as particle diameter of a metallic crystal being 
greatly formed compared with other fields except this 
surface field. 
[0009] 

If it has such composition, metal counter diffusion can be 
more effectively prevented from advancing between a 
metallic base layer and metal coating layers. 
[0010] 

In a hydrogen permeable film of this invention, it is good 
also as said metal coating layers being formed on a field of 
both said metallic base layers. 
[0011] 

By forming metal coating layers on a field of both metallic 
base layers, a hydrogen permeable film with high hydrogen 
extraction efficiency can be obtained, and it can suppress 
effectively that metal diffusion advances in a hydrogen 
permeable film with such high hydrogen extraction 
efficiency. 
[0012] 

This invention can be realized with gestalten, such as a 
hydrogen separator which could be realized with various 
gestalten other than the above, for example, used a 
manufacturing method of a hydrogen permeable film, and a 
hydrogen permeable film, or a fuel cell using a hydrogen 
permeable film. 
[0013] 

[Embodiment of the Invention] 
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Next, an embodiment of the invention is described in 
following order. 

A. Composition of the hydrogen permeable film 10 : 

B. Manufacturing method of the hydrogen permeable film 
10: 

C. EFFECT OF THE INVENTION. : 

D. Modification of the hydrogen permeable film 10 : 

E. Hydrogen extraction apparatus provided with a hydrogen 
permeable film : 

F. Fuel cell provided with a hydrogen permeable film : 
[0014] 

A. Composition of the hydrogen permeable film 10 : 
Drawing 1 is an explanatory view showing the outline of the 
composition of the hydrogen permeable film 10 as an 
embodiment of the invention. The situation of the section of 
the hydrogen permeable film 10 is expressed with drawing 
L The hydrogen permeable film 10 is provided with the 
metallic base layer 14 and the metal coating layers 12. 
[0015] 

The metal coating layers 12 are formed with the metal 
containing Pd, such as palladium (Pd) or a palladium alloy. 
[0016] 

The metallic base layer 14 is formed with the metal 
containing at least a kind of metal of vanadium (V), niobium 
(Nb), and tantalum (Ta). This metallic base layer 14 is 
provided with the large diameter layer 16 and the small 
particle diameter layer 18. Compared with the small particle 
diameter layer 18 in the field distant from the contact 
surface with the metal coating layers 12, the particle 
diameter (mean particle diameter) of a metallic crystal is 
larger, and the large diameter layer 16 formed in the contact 
surface side with the metal coating layers 12 is formed. At 
drawing 1, signs that the particle diameter of the metallic 
crystal differs are typically expressed with each class. 
[0017] 

When hydrogen penetrates the hydrogen permeable film 10, 
it is thought that it penetrates in the state of a hydrogen 
atom. That is, if hydrogen containing gas is supplied on the 
metal coating layers 12 of the hydrogen permeable film 10, 
the hydrogen content child in hydrogen containing gas is 
considered that the hydrogen atom which dissociated and 
dissociated to two hydrogen atoms in the metal coating 
layers 12 penetrates the inside of the metal coating layers 12 
and the metallic base layer 14. 
[0018] 

B. Manufacturing method of the hydrogen permeable film 
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10 : J 

Drawing 2 is process drawing showing the manufacturing | 

method of the hydrogen permeable film 10. When § 

manufacturing the hydrogen permeable film 10, the | 

hydrogen permeability metal membrane first formed with fj 

the metal containing at least a kind of metal of vanadium fj 

(V), niobium (Nb), and tantalum (Ta) is produced (Step fj 

S 100). What is necessary is just to produce a hydrogen | 

permeability metal membrane with cold rolling, for | 

example. Cold rolling is a rolling process performed at low | 

temperature, such as ordinary temperature, and, thereby, the fj 

metal membrane whose particle diameter of the metallic | 

crystal corresponding to the small particle diameter layer 18 | 

is comparatively small can be formed. The thickness of the | 

hydrogen permeability metal membrane formed at Step | 

S 100 can be 25-150 micrometers, for example. | 

[0019] I 

Next, in the hydrogen permeability metal membrane 1 

produced at Step SI 00, processing which enlarges more the | 

metallic crystal particle diameter by the side of the field of | 

one of these is performed (Step S 1 10). Only the surface § 

field near the surface can be locally heated by specifically § 

performing laser radiation to the field which should make | 

large the particle diameter of a hydrogen permeability metal 1 

membrane (what is called laser annealing), and metallic f 

crystal particle diameter can be enlarged. Processing which | 

enlarges one metallic crystal particle diameter of a hydrogen § 

permeability metal membrane is not restricted to laser § 

annealing, and if only the neighborhood of the surface can J 

be locally heated even to the temperature a crystal grain can | 

grow up to be, it is good. By heating to a predetermined fj 

temperature requirement lower than melting temperature, | 

metal advances single crystal-ization inside and can enlarge | 

metallic crystal particle diameter. For example, it is good § 

also as making a heating element momentarily touched with | 

a field to make greatly the metallic crystal particle diameter fj 

of a hydrogen permeability metal membrane. By performing fj 

processing which enlarges metallic crystal particle diameter, | 

the neighborhood of the processed field serves as the large | 

diameter layer 16, and a hydrogen permeability metal | 

membrane serves as the metallic base layer 14 provided | 

with the large diameter layer 16 and the small particle fj 

diameter layer 18. The large diameter layer 16 formed at fj 

Step SI 10 can be several micrometers - tens of micrometers, | 

for example. | 

[0020] ( 

After performing processing which enlarges metallic crystal | 
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particle diameter at Step S 1 10, Pd contained layer used as | 

the metal coating layers 12 is formed on the field which fj 

performed this processing (Step S 120), and the hydrogen fj 

permeable film 10 is completed. Pd contained layer can be fj 

formed with plating treatment, such as electroless deposition | 

and electrolytic plating, or PVD, or a CVD method, for § 

example. The thickness of the Pd layer formed at Step SI 20 | 

can be 0.1-1 micrometer, for example. | 

[0021] I 

C. EFFECT OF THE INVENTION. : || 

According to the hydrogen permeable film 10 of this | 

embodiment constituted as mentioned above, in the metallic § 

base layer 14, since metallic crystal particle diameter has | 
provided the larger layer near the contact surface with the 
metal coating layers 12, the metal diffusion between the 

metallic base layer 14 and the metal coating layers 12 can be | 

suppressed. Therefore, the degradation of the hydrogen | 

permeable film resulting from metal diffusion advancing | 

can be prevented. 1 

[0022] J 
Diffusion of the dissimilar metal within a metal layer is 
made high [ the rate performed along the grain boundary of 

a metallic crystal ]. Therefore, it is thought that it can fj 

suppress that the metal which constitutes the metal coating I 

layers 12 from forming the large diameter layer 16 with low 1 

grain boundary density is spread in the metallic base layer j 

14 near the contact surface with the metal coating layers 12. 1 

[0023] " j 
Not only a dissimilar metal but when hydrogen penetrates 

the inside of hydrogen permeability metal, it is thought that | 
the rate of the penetration along a metallic crystal grain 
boundary is high, and hydrogen permeation performance 
improves, so that metallic crystal particle diameter is small. 
The intensity of a metal layer improves, so that metallic 
crystal particle diameter is generally small. In the hydrogen 

permeable film 10 of this embodiment, since the large | 

diameter layer 16 is formed only in the field to which the j 
surface was restricted, the fall of hydrogen permeation 

performance or intensity can be suppressed as the hydrogen | 

permeable film 10 whole. 1 

[0024] j 

In the hydrogen permeable film 10, since content metal has fj 

prevented metal diffusion by changing metallic crystal § 

particle diameter within the same homogeneous metal layer, § 

unlike the case where make the layer which comprises the | 

material of other type intervene, and metal diffusion is | 

suppressed, decline in hydrogen extraction efficiency can be | 
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prevented. There is no possibility that it will originate in the 
difference of the coefficient of thermal expansion of each 
member, and structural damage will arise like [ in the case 
of making the layer which comprises the material of other 
type intervene, and preventing metal diffusion ]. A 
manufacturing process can be simplified compared with the 
case where the layer which comprises the material of other 
type is formed separately. 
[0025] 

Generally, metal diffusion happens easily so that 
temperature is high, but it becomes possible by forming the 
large diameter layer 16 like this embodiment, and 
preventing metal diffusion to use the hydrogen permeable 
film 10 at a higher temperature. There is a desirable 
temperature requirement where higher hydrogen 
permeability is demonstrated in the hydrogen permeable 
film 10, and hydrogen permeation performance falls, so that 
temperature becomes low rather than such a temperature 
requirement. For example, in order to realize sufficient 
hydrogen permeability in Pd, it is desirable to carry out 
temperature up to not less than 300 **, and to use for it. 
According to the hydrogen permeable film 10 of this 
embodiment, hydrogen permeability becomes possible 
[ using the hydrogen permeable film 10 in the temperature 
requirement which becomes high ] more, suppressing metal 
diffusion. Since the operating temperature limit of the 
hydrogen permeable film 10 spreads by the ability to use the 
hydrogen permeable film 10 at a higher temperature, it 
becomes possible to be stabilized, even if it becomes 
difficult to receive the influence by a temperature change 
and carries out a temperature change, and to perform 
hydrogen permeation. 
[0026] 

D. Modification of the hydrogen permeable film 10 : 
(D-l) Hydrogen permeable film 110: 
Drawing 3 is an explanatory view which expresses typically 
the composition of the hydrogen permeable film 110 which 
is a modification of the hydrogen permeable film 10. 
Drawing 3 as well as drawing 1 expresses the situation of 
the section of a hydrogen permeable film, and gives the 
same reference number to the component which is common 
in drawing 1 . 
[0027] 

The hydrogen permeable film 1 10 of drawing 3 w as 
replaced with the metallic base layer 14, and is provided 
with the metallic base layer 114. This metallic base layer 
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1 14 is formed like the metallic base layer 14 with the metal | 

containing at least a kind of metal of V, Nb, and Ta. The | 

small particle diameter layer 1 8 is formed in the middle of § 

this metallic base layer 1 14, the small particle diameter layer | 

18 is pinched and the large diameter layer 16 is formed near fj 

the surface of both sides. On the two surfaces 16 of the fj 

metallic base layer 114, i.e., two large diameter layers, the | 

metal coating layers 12 are formed, respectively. | 

[0028] * J 

When making the hydrogen permeable film 110 penetrate | 

hydrogen and hydrogen containing gas is supplied on one | 

metal coating layers 12 of the hydrogen permeable film 110, | 

the hydrogen content child in hydrogen containing gas, The | 

hydrogen atom which dissociated and dissociated to two | 

hydrogen atoms in these metal coating layers 12 penetrates | 

the inside of the metal coating layers 12 and the metallic | 
base layer 14. And every two hydrogen atoms which 

reached the metal coating layers 12 of another side turn into | 

a hydrogen content child unitedly, and are emitted out of the fj 

hydrogen permeable film 110. Thus, it is thought that | 

extraction of hydrogen is performed by the hydrogen | 

permeable film 110. 1 

[0029] I 

What is necessary is just to perform processing for enlarging 1 
the diameter of metal grains to both sides of a hydrogen 

permeability metal membrane at the process corresponding | 

to Step S 1 10 in the same manufacturing process as drawing § 
2, when manufacturing the hydrogen permeable film 110. 
And what is necessary is just to form Pd contained layer on 
both sides of a hydrogen permeability metal membrane in 

Step SI 20. S 

[0030] I 

According to such a hydrogen permeable film 1 10, in the | 
metallic base layer 114, since the large diameter layer 16 is 
formed near the contact surface with the metal coating 
layers 12, the same effect as the hydrogen permeable film 

10 can be done so. | 

[0031] | 

(D-2) Hydrogen permeable film 210 : | 

Drawing 4 is an explanatory view which expresses typically | 

the composition of the hydrogen permeable film 210 which | 

is a modification of the hydrogen permeable film 10. | 

Drawing 4 as well as drawing 1 expresses the situation of | 

the section of a hydrogen permeable film, and gives the fj 

same reference number to the component which is common | 

in drawing 1 . | 
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[0032] J 

The hydrogen permeable film 210 of drawing 4 was | 

replaced with the metal coating layers 12, and is provided § 

with the metal coating layers 212. These metal coating | 

layers 212 are formed like the metal coating layers 12 with fj 

the metal containing Pd. In the metal coating layers 212, the fj 

large diameter layer 216 is formed in the contact surface fj 

side with the metallic base layer 14, and the small particle | 

diameter layer 218 is formed in the contact surface and the § 

left side. | 

[0033] I 

What is necessary is just to form Pd contained layer from | 

which metallic crystal particle diameter differs one by one at | 

the process corresponding to Step SI 20 in the same | 

manufacturing process as drawing 2 , when manufacturing | 

the hydrogen permeable film 210. Concrete for example, | 

thin Pd contained layer is formed by plating treatment etc. | 

on the metallic base layer 14, this thin Pd contained layer is 1 

heated, and metallic crystal particle diameter is made to fj 

enlarge. And what is necessary is to form Pd contained layer | 

by plating treatment etc. further on Pd contained layer which § 

made this particle diameter enlarge, and just to consider it as § 

the metal coating layers 212 as a whole. 1 

[0034] I 

According to such a hydrogen permeable film 210, in the f 

metal coating layers 212, since the large diameter layer 216 | 

is formed near the contact surface with the metallic base § 

layer 14, the metal diffusion from the metallic base layer 14 § 

to the metal coating layers 212 can be controlled. Therefore, | 

the effect by controlling metal diffusion can be acquired like | 

the hydrogen permeable film 10. | 

[0035] I 

Here, in the hydrogen permeable film 210, since the metallic | 

base layer 14 provided with the large diameter layer 16 and | 

the small particle diameter layer 1 8 is used, the metal | 

diffusion from the metal coating layers 212 to the metallic fj 

base layer 14 is also controlled. Thus, in both a metallic fj 

base layer and metal coating layers, the effect of suppressing | 

metal diffusion as the whole hydrogen permeable film can | 

be heightened more by providing a large diameter layer near | 

the contact surface. The metallic base layer to which it | 

replaces with the metallic base layer 14, and particle fj 

diameter changes from a uniform layer may be used, and the fj 

effect which controls metal diffusion can be acquired by fj 

forming the metal coating layers 212 which are provided | 

with the large diameter layer 216 and the small particle | 
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diameter layer 218 also in such a case. Like the hydrogen 
permeable film 110, when providing metal coating layers on 
the surface of both metallic base layers, it is desirable to 
form a large diameter layer near the contact surface in both 
metal coating layers. 
[0036] 

Although the large diameter layer was formed by heating 
the once formed metal layer in the embodiment of the 
invention mentioned already, if the larger layer of particle 
diameter and a smaller layer can be formed, it is good also 
as forming a large diameter layer and a small particle 
diameter layer by different methods other than heating. 
[0037] 

E. Hydrogen extraction apparatus provided with a hydrogen 
permeable film : 

Hydrogen extraction apparatus can be formed using the 
hydrogen permeable film as an embodiment of the invention 
mentioned already. An example is shown in drawing 5 . 
Drawing 5 is an explanatory view showing the outline of the 
composition of the hydrogen extraction apparatus 20 
provided with the hydrogen permeable film 1 10. In the 
hydrogen extraction apparatus 20, the hydrogen containing 
gas part 22 is formed in one field side of the hydrogen 
permeable film 110, and the extracted water matter part 24 
is formed in the field side of another side. These hydrogen 
containing gas part 22 and the extracted water matter part 24 
are formed as space through which gas can pass. 
[0038] 

Hydrogen containing gas is supplied to the hydrogen 
containing gas part 22 from the exterior. When the supplied 
hydrogen containing gas passes through the inside of the 
hydrogen containing gas part 22, extraction of hydrogen is 
performed by the hydrogen permeable film 110 from 
hydrogen containing gas to the extracted water matter part 
24 side. The remaining gas (unpenetrated gas) by which 
hydrogen was extracted is discharged from the hydrogen 
containing gas part 22 outside. 
[0039] 

Predetermined purge gas is supplied to the extracted water 
matter part 24 from the outside. This purge gas is gas with 
sufficiently low hydrogen concentration, and is supplying 
such purge gas, and the discharge to the exterior of the 
transmitted extracted water matter is urged to it. 
[0040] 

The hydrogen extracted using the hydrogen extraction 
apparatus 20 becomes possible [ using with a predetermined 
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hydrogen consuming device ]. For example, it can perform | 

supplying the extracted hydrogen as fuel gas to the anode of | 

a fuel cell. | 

[0041] I 

Since the hydrogen permeable film 1 10 in which the metal fj 

diffusion between the metallic base layer 114 and the metal 1 

coating layers 12 was controlled is used according to the | 

hydrogen extraction apparatus 20 constituted as mentioned | 

above, decline in the hydrogen extraction efficiency | 

resulting from metal diffusion can be suppressed. Since it | 

becomes possible to set up the operating temperature of the fj 

hydrogen extraction apparatus 20 more highly, the | 

efficiency of hydrogen extraction can be raised. When | 

hydrogen containing gas contains carbon monoxide (CO) | 

especially, a hydrogen permeable film becomes easy to | 

receive CO poisoning so that temperature is low, but also | 

when hydrogen containing gas contains CO by setting up an | 

operating temperature more highly, CO poisoning of a | 

hydrogen permeable film can be stopped. 1 

[0042] ( 

Although the hydrogen extraction apparatus 20 of drawing 5 § 

decided to have the hydrogen permeable film 110, other § 

hydrogen permeable films as an embodiment of the | 

invention mentioned already can be used similarly. The 1 

same effect can be acquired, even if a large diameter layer is | 

provided also in the metal-coating-layers side or providing a | 

large diameter layer only in the metal-coating-layers side § 

etc. uses the hydrogen permeable film of composition of § 

differing. 1 

[0043] I 

In the hydrogen extraction apparatus 20, although purge gas | 

is supplied to the extracted water matter part 24 side, it is | 

good also as not performing supply of such purge gas. | 

However, by supplying purge gas, the hydrogen | 

concentration by the side of the extracted water matter part | 

24 can be kept low, and the efficiency of hydrogen | 

extraction can be raised. A steam, nitrogen gas, etc. can be | 

used for the purge gas used in order to urge hydrogen | 

extraction, and it should just choose them suitably according | 

to the hydrogen consuming device which receives supply of § 

hydrogen. | 

[0044] I 

Various modification is possible for the shape of the fj 

hydrogen extraction apparatus 20. It is good also as | 

extracting the hydrogen which allocated the reforming | 

catalyst in the hydrogen containing gas part 22, supplied the | 

fuel with which a reforming reaction is presented to the | 
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hydrogen containing gas part 22, and was produced in the | 

reforming reaction using a hydrogen permeable film. | 

[0045] ^ " ~ J 

F. Fuel cell provided with a hydrogen permeable film : fj 

A fuel cell can be formed using the hydrogen permeable | 

film as an embodiment of the invention mentioned already. § 

An example is shown in drawing 6 . Drawing 6 is an | 

explanatory view which expresses typically the composition | 
of the fuel cell 30 provided with the hydrogen permeable 

film 10. The fuel cell 30 is provided with the following. | 

Electrolyte layer 32. | 

Hydrogen permeable film 10. | 

Separators 36 and 37. | 

[0046] ( 

The electrolyte layer 32 is formed with the electrolyte which | 

has proton conductivity. For example, it can form with solid 1 
polymer electrolytes, such as the Nafion (registered 

trademark) film, and the solid electrolyte which is the | 

ceramic proton conductors of BaCe0 3 and a SrCe0 3 § 

system. 1 

[0047] I 
On one field of the electrolyte layer 32, the hydrogen 

permeable film 10 is allocated so that the metallic base layer | 

14 may touch the electrolyte layer 32. I 

[0048] ( 
The separators 36 and 37 are pinching the structure which 
laminated the electrolyte layer 32 and the hydrogen 
permeable film 10 from both sides. The separator 36 which 
touches the metal-coating-layers 12 side of the hydrogen 

permeable film 10 has the uneven shape for forming the 1 

channel through which oxidizing gas passes in the surface of | 
the side which touches the metal coating layers 12. 

Similarly, the separator 37 which touches the electrolyte | 
layer 32 has the uneven shape for forming the channel 

through which fuel gas passes in the surface of the side j 

which touches the electrolyte layer 32. These separators 36 | 
and 37 can be formed with the material which has electron 

conductivity and gas impermeability, for example, can be | 
formed with a metallic material or a carbon material. 

[0049] I 

What is necessary is just to use the fuel cell 30 with fj 

establishing a catalyst further if needed, although the | 

statement was omitted in drawing 6 . For example, what is | 

necessary is just to provide a catalyst bed between the | 

hydrogen permeable film 10 and the separator 36, between | 
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the electrolyte layer 32 and the separator 37, etc. Or a | 

catalyst bed may be provided between the hydrogen | 

permeable film 10 and the electrolyte layer 32. As a catalyst, | 

the precious metal catalyst (catalyst containing platinum, | 

rhodium, and the ruthenium platinum system precious fj 

metals) of a platinum (Pt) system can be used, for example. I 

[0050] J 

Since the hydrogen permeable film 10 in which the metal | 

diffusion between the metallic base layer 14 and the metal | 

coating layers 12 was controlled is used according to the | 

fuel cell 30 constituted as mentioned above, the fall of the fj 

hydrogen permeation performance resulting from metal | 

diffusion can be suppressed. Therefore, the fall of battery | 

capacity can be suppressed. Since it becomes possible to set | 

up the operating temperature of the fuel cell 30 more highly, § 

generation efficiency can be raised. 1 

[0051] I 

Although the hydrogen permeable film 10 was allocated on | 

the cathode side surface of the electrolyte layer 32 in j 

drawing 6 , the hydrogen permeable film 10 may be | 

allocated on the anode side surface of the electrolyte layer § 

32. In this case, what is necessary is just to arrange so that | 

the metal coating layers 12 may touch the separator 37. Or it | 

is good also as allocating the hydrogen permeable film 10 in 1 

both the anode side surface of the electrolyte layer 32, and a | 

cathode side surface, respectively. 1 

[0052] || 

The hydrogen permeable film 10 is allocated in one side § 

between the two surfaces of the electrolyte layer 32, and it is | 

good for another side also as providing the metal coating 1 

layers 12 and same Pd contained layer. Although five group | 

elements, such as V, Nb, and Ta, are excellent in hydrogen | 

permeation performance compared with Pd, they are inferior | 

to Pd in the activity which divides a hydrogen content child § 

into a hydrogen atom on the hydrogen permeable film | 

surface. Therefore, providing Pd contained layer and fj 

forming a hydrogen permeable film on the metallic base fj 

layer containing at least a kind of metal of V, Nb, and Ta, | 

can raise the performance of the whole hydrogen permeable | 

film, and it is desirable. The effect which prevented and | 

mentioned already metal diffusion [ in / for such a hydrogen | 

permeable film / a hydrogen permeable film ] by the thing fj 

of the electrolyte layer 32 formed on one of fields at least fj 

can be acquired. 1 

[0053] I 

If it allocates the hydrogen permeable film 10 in the both | 

sides of the electrolyte layer 32 in forming the electrolyte | 
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layer 32 with a solid polymer electrolyte, or it supposes that | 

precise films, such as Pd content film, are allocated also in fj 

another side in allocating only in one side, the effect of fj 

preventing desiccation of a solid polymer electrolyte will || 

also be acquired. Therefore, even if it raises the operating | 

temperature of a fuel cell, it originates in desiccation of a § 

solid polymer and battery capacity does not fall. | 

[0054] " * " | 
In forming the electrolyte layer 32 with a solid electrolyte, 

even if it slims down the electrolyte layer 32 more, it | 

becomes possible to maintain the intensity of an electrolyte | 

membrane by supporting a solid electrolyte with the § 
hydrogen permeable film 10 provided in at least one field 
side of the electrolyte layer 32. By slimming down a solid 
electrolyte, the proton conduction efficiency in the 

electrolyte layer 32 can be raised, and battery capacity can | 

be raised. | 

[0055] ( 
Although the hydrogen permeable film 10 was used in the 

above-mentioned explanation, it is good also as using j 

similarly other hydrogen permeable films of an embodiment | 
of the invention. What is necessary is just to suppose a fuel 

cell that two or more single cells are laminated if needed, | 

and stack structure is formed, although the situation of the I 

single cell is shown in drawing 6 . 1 

[0056] I 

[Example] | 
The hydrogen permeable film of an example and the 
hydrogen permeable film of the comparative example were 

produced, and signs that hydrogen permeation performance | 
fell were compared. The composition of the hydrogen 
permeable film of the example and comparative example 

which were produced is summarized to drawing 7 , and is | 
shown. Like the hydrogen permeable film 1 10, [ near each 

of two surfaces of a metallic base layer ], the hydrogen | 

permeable film of an example and a comparative example is | 

provided with a large diameter layer, and it is provided with § 
metal coating layers on both sides of a metallic base layer. 

[0057] I 

As shown in drawing 7 , each hydrogen permeable film of an | 

example and a comparative example formed the metallic fj 

base layer by vanadium (V). With cold rolling, these | 

metallic base layers were formed so that thickness might be | 

set to 125 micrometers. Only the hydrogen permeable film | 

of the example formed the large diameter layer in the field | 

near the surface of both metallic base layers. The large | 
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diameter layer was formed in the surface of V foil by | 

carrying out laser radiation. | 

[0058] J 

By the metallic base layer of the example, metallic crystal | 

particle diameter was measured in each of a large diameter fj 

layer (layer part) and a small particle diameter layer (central | 

part). Metallic crystal particle diameter was measured by | 

using and observing a scanning electron microscope (SEM), | 

after performing an etching process to a metallic base layer. | 

The mean particle diameter (surface mean particle diameter) | 

in a large diameter layer and the mean particle diameter | 
(central part mean particle diameter) in a small particle 

diameter layer are shown in drawing 7 . The result of having | 

measured the mean particle diameter (whole mean particle | 

diameter) in the metallic base layer (V foil) of the hydrogen | 

permeable film of a comparative example is combined with | 
drawing 7 , and is shown. As for surface mean particle 
diameter, 15.4**1.5 micrometers and the whole mean 
particle diameter of 22.3** 1 .8 micrometers and central part 

mean particle diameter were 15.5**1.7 micrometers. The | 
value after "**" expresses dispersion in particle diameter. 

[0059] J 
When the above-mentioned metallic base layer was formed, 
after grinding the surface and removing an oxidizing zone, 
metal coating layers were further formed by plating 

treatment on the metallic base layer. As shown in drawing 7 , | 

also in any of the hydrogen permeable film of an example f 
and a comparative example, metal coating layers were 
formed by palladium (Pd), and the thickness was 0.8 

micrometer. 1 

[0060] I 
Using the hydrogen permeable film of the example and 

comparative example which were produced as mentioned | 

above, the same hydrogen extraction apparatus as drawing 5 | 
was produced, and the rate of hydrogen permeation was 

investigated. The conditions at the time of performing | 

hydrogen extraction are shown below. | 

[0061] | 

(1) Hydrogen containing gas : | 
H2 gas; | 
Flow 1 NL/min : | 

(2) Purge gas : | 
N2 gas; || 
Flow 1 NL/min : fj 

(3) The temperature of hydrogen extraction apparatus is 500 | 
** • I 
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Above-mentioned flow unit NL/min converts gaseous | 

volume into the volume in a normal condition (0 **, latm), | 

and expresses it. | 

[0062] J 
The hydrogen quantity extracted at the purge gas side was 

measured, and the rate of hydrogen permeation was fj 

computed. The result of having asked for the rate of | 

hydrogen permeation about each of an example and a | 

comparative example after 1 .5-hour progress immediately | 

after starting operation of hydrogen permeation (first stage) | 

is shown in drawing 8 . By drawing 8 , the rate of hydrogen fj 
permeation in the early stages of the hydrogen permeable 

film of a comparative example is set to 100, and the result of | 

having expressed each rate of hydrogen permeation with the | 

relative value is shown. | 

[0063] ( 
As shown in drawing 8 , the early value showed the rate of 

hydrogen permeation in which the hydrogen permeable film 1 
of an example and a comparative example is both almost 

comparable. After 1 .5-hour progress, the rate of hydrogen | 
permeation fell even to the value 77 with the hydrogen 
permeable film of the comparative example to having been 
the fall to the value 90 in the hydrogen permeable film of 

the example. 1 

[Brief Description of the Drawings] f 

[Drawing 1 1 It is an explanatory view showing the outline of | 

the composition of the hydrogen permeable film 10 as an | 

example of this invention. § 

[Drawing 2] It is process drawing showing the | 
manufacturing method of the hydrogen permeable film 10. 
[Drawing 3] It is an explanatory view which expresses the 
composition of the hydrogen permeable film 110 typically. 
[Drawing 4] It is an explanatory view which expresses the 

composition of the hydrogen permeable film 210 typically. | 

[Draw|ng L _51 It is an explanatory view showing the outline of | 

the composition of the hydrogen extraction apparatus 20. | 

[Drawing 6] It is an explanatory view which expresses the | 

composition of the fuel cell 30 typically. | 

[Drawing 7] It is an explanatory view showing the | 

composition of the hydrogen permeable film of an example | 

and a comparative example. § 

[Drawing 8]It is the explanatory view which compared signs | 

that hydrogen permeation performance fell. | 

[Description of Notations] fj 

10,1 10,210 — Hydrogen permeable film fj 

12,212 — Metal coating layers | 
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14, 1 14 -- Metallic base layer 




16,216 — Large diameter layer j 




18,218 — Smallness particle diameter layer j 




20 — Hydrogen extraction apparatus j 




22 — Hydrogen containing gas part j 




24 — Extracted water matter part j 




30 -- Fuel cell | 




32 — Electrolyte layer 




36, 37 — Separator 




[Translation done.] | 
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[Translation done.] 




-14 



* NOTICES * 

JPO and INPIT are not responsible for 
any 

damages caused by the use of this 
translation. 

LThis document has been translated by computer. So the 
translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Translation done.] 



CLAIMS 



[Claim(s)] 
[Claim 1] 

It is a hydrogen permeable film which makes hydrogen 
penetrate selectively, 

A metallic base layer containing at least a kind of metal of 
vanadium (V), niobium (Nb), and tantalum (Ta), 
Metal coating layers which are contacted and formed on at 
least one field of said metallic base layer, and contain 
palladium (Pd) 
A preparation, 

In at least one layer of said metallic base layer and said 
metal coating layers, particle diameter of a metallic crystal 
is greatly formed compared with other fields except this 
surface field in a surface field near [ in contact with a layer 
of another side ] the contact surface. 
A hydrogen permeable film. 
[Claim 2] 
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It is the hydrogen permeable film according to claim 1, | 

On both sides of said metallic base layer which touches | 

mutually, and said metal coating layers, particle diameter of § 

a metallic crystal is greatly formed compared with other | 

fields except this surface field in a surface field near [ in fj 

contact with a layer of another side ] the contact surface. fj 

A hydrogen permeable film. fj 

[Claim 3] || 

It is the hydrogen permeable film according to claim 1, | 

Said metal coating layers are formed on a field of both said | 

metallic base layers. fj 

A hydrogen permeable film. | 

[Claim 4] | 

It is a manufacturing method of a hydrogen permeable film | 

which makes hydrogen penetrate selectively, | 

(a) A process of preparing a metallic base layer which | 
contains a kind of metal of vanadium (V), niobium (Nb), | 
and tantalum (Ta) at least, | 

(b) A process of enlarging particle diameter of a metallic j 
crystal in a surface field near [ at least one ] the surface in | 
said metallic base layer compared with other fields except | 
said surface field, | 

(c) A process of forming metal coating layers containing | 
palladium (Pd) on the surface which enlarged particle 1 
diameter of a metallic crystal at the aforementioned (b) f 
process | 
A manufacturing method of preparation | 
[Claim 5] I 
It is a manufacturing method of the hydrogen permeable | 
film according to claim 4, 1 
The aforementioned (b) process enlarges particle diameter fj 
of a metallic crystal by heating at least said one surface. fj 
A manufacturing method of a hydrogen permeable film. | 
[Claim 6] j 
It is a manufacturing method of a hydrogen permeable film | 
which makes hydrogen penetrate selectively, fj 

(a) A process of preparing a metallic base layer which fj 
contains a kind of metal of vanadium (V), niobium (Nb), | 
and tantalum (Ta) at least, | 

(b) A process of forming the 1 st metal coating layers | 
containing palladium (Pd) on at least one surface of said | 
metallic base layer, fj 

(c) A process of enlarging particle diameter of a metallic fj 
crystal in said 1st metal coating layers, | 

(d) A process of palladium (Pd) being included and forming | 
the 2nd metal coating layers whose particle diameter of a | 
metallic crystal is smaller than said 1 st metal coating layers | 
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on said 1st metal coating layers that enlarged particle 
diameter at the aforementioned (c) process 
A manufacturing method of preparation 
[Claim 7] 

It is a manufacturing method of the hydrogen permeable 
film according to claim 6, 

The aforementioned (c) process enlarges particle diameter 
of a metallic crystal by heating said 1st metal coating layers. 
A manufacturing method of a hydrogen permeable film. 
[Claim 8] 

It is hydrogen extraction apparatus which extracts hydrogen 
from hydrogen containing gas containing hydrogen, 
Claims 1 thru/or 3 are the hydrogen permeable films of a 
statement either, 

A hydrogen containing gas channel by which it is formed on 
the 1st [ of said hydrogen permeable film ] field and through 
which said hydrogen containing gas passes, 
An extracted water matter channel through which hydrogen 
which was formed on the 2nd [ of said hydrogen permeable 
film ] field, penetrated said hydrogen permeable film, and 
was extracted from said hydrogen containing gas passes 

T"\ d * vf>« vf>- %±A vl> +1* lJ> lJ> lJ> lJ> lJ> 

x rcDcircitiori ^^^^^^^^^^^^ 

[Claim 9] 

It is a fuel cell, 

An electrolyte membrane provided with an electrolyte layer 
which has proton conductivity, and a hydrogen permeation 
layer formed on at least one field of this electrolyte layer, 
An oxidizing gas feed zone which supplies oxidizing gas 
containing oxygen to one field of said electrolyte 
membrane, 

A fuel gas feed zone which supplies fuel gas containing 
hydrogen to a field of another side of said electrolyte 
membrane, 
A preparation, 

Said hydrogen permeation layer of one claim cannot be 

found, and is a hydrogen permeable film of a statement 3 

either. 

A fuel cell. 



[Translation done.] 
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